To better understand the dynamical process of active-region filament eruptions and associated flares and CMEs, we carried out a statistical study of 120 
INTRODUCTION
Solar filaments are formed in magnetic loops that hold relatively cool (5000-8000K) and dense plasmas (10 10 −10 11 cm −3 ) suspended in the hot (10 6 K) corona above the solar surface.
Filaments and prominences refer to the same physical structures on the Sun, when they are projected onto the disk (filaments) or extending above the limb (prominences). Moreover, they are observed as the magnetic flux rope having helical structure (Rust & Kumar 1994; Titov & Démoulin 1999; Amari et al. 1999; Gibson & Fan 2006; Gilbert et al. 2007 ).
It is widely accepted that filament eruptions, flares and Coronal Mass Ejections (CMEs) are different aspects of the same physical process (Shibata et al 1995; Forbes 2000; Priest & Forbes 2002) . With the high spatial and temporal resolution observations by satelliteborne telescopes, more and more active-region filaments are able to be observed (Green et al. 2007; Chifor et al. 2007 ). The eruption mechanisms of filaments have been studied by many authors. For instance, it has been found that the eruptions of filaments may be caused by the kink instability (Sakurai, 1976 Aulanier et al. 2010) . The occurrence of the two types of instabilities may be caused by magnetic cancellation Zhang & Wang 2001; Jiang et al. 2001; Moon et al. 2004; Sterling et al. 2007; Chifor 2007) , the change of the topology of loops overlying the filament (Nagashima et al. 2007 ), magnetic emergence (Feynman & Martin 1995; Wang et al. 1999; Romano et al. 2003) , and a rapid change of magnetic connectivity in a bundle filament threads (Kim et al. 2001) . Observationally, a number of phenomena are found to be associated filament eruptions which can help to discriminate between models, such as the direction of propagation of the brightenings consistent with the direction of the erupting filament , an apparent increase in the homogenization of the filament mass composition prior to filament eruptions (Kilper et al. 2009 ), endpoint brightening during the rapid ascent of the filaments (Wang et al. 2009 ), a bipolar double dimming formed near the two ends of the erupted filament (Jiang et al. 2006; Yang et al. 2008) , and compact hard X-ray footpoint sources at the endpoints and a ribbon-like footpoint emission extending along the endpoints during the kink evolution of filaments (Liu & Alexander 2009 ).
It is also commonly accepted that the occurrence of CMEs is caused by a loss of stability or equilibrium of the coronal magnetic field (Low 1993; Forbes 2000; Lin & van Ballegooijen 2005) . Jing et al. (2004) have investigated the relation between filament eruptions (most of their samples are quiescent filaments), flares and CMEs by using Big Bear Solar Observatory (BBSO) Hα full-disk images (Steinegger et al. 2000) . They found that 56% of their samples were associated with CMEs except for those with no corresponding LASCO data. We note that faint, Earth-directed CMEs are less likely to be detected and this must have an influence on this figure. Gopalswamy et al. (2003) classified the prominence eruptions into two groups (transverse and radial direction events) and found that 72% of the prominence eruptions were clearly associated with CMEs by using the Nobeyama Radioheliograph. The studies of Wagner et al. (1981) , , and Harrison et al. (1985 Harrison et al. ( , 1986 showed the evidence that the CME onset appeared to precede the flare onset for a few CME events.
Through the investigation of 95 CME events from 1984 to 1986, Harrison (1990) found that active regions are the sources of, or related to the source of CMEs. In this paper, we focus on the relationship between the active-region filaments, flares and CMEs observed by BBSO, TRACE, and SOHO/EIT. Although the single active region events relative to the eruptive filament were investigated by many authors, establishing a firm quantitative relation between them will require more statistical evidence. Moreover, we can make use of these statistics to make predictions in respect to the occurrence of flares and CMEs.
OBSERVATIONS AND METHOD
The data used in the paper are as follows:
1. Full-disk Hα line-center images from Big Bear Solar Observatory (BBSO), one station of global high-resolution Hα network (Steinegger et al. 2000) . Besides, the CMEs appear in LASCO C2 coronagraph images within about 2 hours after the filament eruptions. If the conditions were satisfied in respect to the three points mentioned
Relationship between eruptions of active-region filaments and associated flares and CMEs 2 5 above, we took the CME as being the association of filament eruptions. We coaligned the TRACE images and BBSO Hα images with SOHO/MDI magnetograms and EIT images so that we can determine the exact position of the filament eruptions with the active region number. Due to the projection effect, we only took into consideration magnetic configuration of active region within about 50 degrees from the solar center. Meanwhile, we determined magnetic flux emergence and cancellation from a time sequences of MDI magnetograms with a 300 ′′ × 300 ′′ FOV (for super active region, we adopted 500 ′′ × 500 ′′ FOV ) obtained at least 12 hours prior to the filament eruption. We evaluated the magnetic flux emergence and cancellation from the magnetic field in the vicinity of the filament (Feynman & Martin 1995) .
RESULTS OF FILAMENT ERUPTION ASSOCIATIONS

Distribution of samples
We found 120 active-region filament eruptions for which we obtained the complete observation of the eruption. Tables 1, 2 Figure 1 shows the latitude distribution of the active-region filaments in our samples on the solar disk from 1998 to 2007. It is notable, and expected, that this figure resembles the typical butterfly diagram following the solar cycle. The distribution of active-region filaments yearly is plotted in Figure 2 and, again, this peaks with the solar cycle.
Relation between active-region filaments, flares, and CMEs
Before examining the statistical associations, we took one examples as a means of illustrating the relationship of active-region filaments to flares, CMEs. . 3b ). Additionally, a Halo CME was found to be associated with the eruption of this filament ( fig. 3c, d ). Before the eruption of the filament, we found that the magnetic flux emergence (as is shown in the circled area) appeared in the vicinity of the eruptive filament ( fig. 3e, f) . CMEs and the events well out of the plane of the sky cannot be as easily detected by the coronagraphs as events near the plane of the sky. Thus, our results must be considered in the light of observational issues (Yashiro et al. 2005 ).
Out of 13 events in which one filament eruption have no corresponding CME data, the eruptions of filaments associated with X-class flare are all associated with CMEs. Since we limited our sample (only 12 events), this result mentioned above need more events to confirm. Out of 43 events in which 7 filament eruptions have no corresponding CME data, 25 out of 36 (about 69%) events associated with M-class flare are associated with CMEs.
Out of 52 events in which 5 filament eruptions have no corresponding CME data, 15 out of 47 (32%) events associated with C-class flare are associated with CMEs. Figure 5 shows the distribution of associated CME speed by associated flare class. The average speeds of
CMEs associated with C-class, M-class, and X-class flares are 563.7, 770.3, and 1506.6 km/s respectively. 54 out of 105 (about 51%) active-region filaments produce both flares and CMEs. Simultaneous occurrence rate of associated flares and CMEs obtained by us is higher than that obtained by Jing et al. (2004) (9 out of 19; about 47%).
The magnetic configuration of active regions with filaments
If the active region is located far away from solar disk center, the projection effect affects the judgement of magnetic configuration. Excluding the active regions located beyond 50
degrees from the solar center, the numbers of different magnetic configurations (Hale & Nicholson 1938) are shown in the figure 6. The β magnetic field configuration (about 47%; 36 out of 77) is more likely to form eruptive filaments than other magnetic configurations.
Among these examples, 20 Halo CMEs are found. Excluding four active regions located in the area more than 50 degrees from the solar center, the active regions with βδγ (7 out of 16) and β (8 out of 16) magnetic field configuration are more likely to produce Halo CMEs than other active regions.
The change of magnetic field before eruptions of filaments
For the same reason mentioned above, we excluded the active regions beyond 50 degrees from the solar center and 5 ones lacking MDI data. After the differential rotation correction, we filmed a sequence of MDI magnetograms in order to examine the change of magnetic fields. The magnetic flux emergence and cancellation appeared in the vicinity of an filament and at least 12 hours prior to the filament eruption (Jing et al. 2004 ). We found that there are 33 filament eruptions associated with magnetic flux cancellation, 42 events associated with magnetic flux emergence, and 2 with neither of these. The size of the emergence region of the magnetic flux is from 188 arcsec 2 to 1924 arcsec 2 ( fig. 7) . The average area is 855.9 arcsec 2 .
Halo CME associations
A CME with angular width of 360 degree is defined as a Halo CME. In our samples, 20
Halo Feynman & Martin (1995) and Jing et al. (2004) reported that 42% and 54% of the eruptions of quiescent filaments are associated with CMEs respectively. Compared with our results, it can be see that the CME association rate of active-region filament eruptions is nearly the same as that of quiescent filaments. We also found that active-region filaments have higher flare production than quiescent ones by using more samples. Gopalswamy et al. (2003) and Gilbert et al. (2000) reported much higher (73% and 94%) associated CMEs productions of the prominence eruptions than what we obtained (about 53%). Note that most of our samples as well as Jing et al.'s were located in the solar disk. These results might be caused by that the slow and narrow CMEs may not be visible when CMEs originate from the disk center (Yashiro et al. 2005) . Without a doubt, the typical CME is the classical threepart structure with a bright outer envelope, a dark inner void, a bright filamentary core.
The filament to many researchers is a part of the CME structure. Even if one do not see the internal filamentary structure for some events, in coronagraph data one never see an erupting filament without what one would call a CME. Normally, it may be useful to talk about how many CMEs contain filaments. In this paper, we focused on how many filament eruptions are associated with CMEs. Indeed, our results are affected by the detection capability of the coronagraphs. The coronagraphs did not detect the CME due to geometry or sensitivity -i.e., weaker Earth-directed CMEs, or the events well out of the plane of the sky may not be detected by the coronagraphs.
And interestingly, we found that the eruptions of active-region filaments associated with X-class flare are all associated with CMEs except for one event without LASCO data. We need make use of forthcoming data to confirm it. This result is very useful to predict the occurrence of CME. In addition, the eruptions of active-region filaments associated with Halo The instability of the magnetic loop is a hot topic in solar physics. The total twist in a given magnetic loop is a major factor in MHD stability. Some of sudden magnetic energy release such as flares (Hood & Priest 1979) , and coronal mass ejections are probably due to the kink instability of filaments (Forbes & Isenberg 1991; Lin et al. 1998; Fisher et al. 1999; Liu et al. 2003; Leka et al. 2005; Zhou et al. 2006) , the torus instability of a flux rope (Roussev et al. 2003; Kliem & Török 2006) , or the reconnection between closed field lines in the streamer belt and adjacent, open field lines (Harrison et al. 2009 ). In particular, the eruption of the transient sigmoid (Canfield et al. 1999; Pevtsov 2002; Low & Berger 2003) Relationship between eruptions of active-region filaments and associated flares and CMEs 8 17 Figure 6 . The numbers of active-region filaments with different magnetic configurations. "bd","a", "b", "bg", and "bgd" indicate βδ, α, β, βγ, βγδ respectively. TABLE 1 A list of active-region filament eruptions and their associated solar activities. "AR" indicates the active region number. "Time" and "Location" indicate the time and position of the filament eruption onset. "CME Speed" indicates linear Speed of CME. "Hale" indicates the magnetic configuration of the active region. "MFE" and "MFC" indicate the magnetic flux emergence and cancellation. "No Data" in the sixth and ninth columns denotes no LASCO observation data covering the process of the filament eruptions and no magnetograms data prior to the filament eruptions. "No" in the ninth columns denotes no obvious change of magnetic fields before filament eruption. A CME with angular width of 360 degree is defined as a Halo CME.
Date AR Time Location Flares CMEs CME Speed (km s −1 ) Hale MFE or MFC TABLE 2 
